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Blood glucose (BG) prediction system can help gestational diabetes mellitus 
(GDM) patient to improve the BG control with managing their dietary intake 
based on healthy food. Many techniques have been developed to deal with 
blood glucose prediction, especially those for recommender system. In this 
study, we conduct a systematic mapping study to investigate recent research 
about BG prediction in recommender systems. This study describes an 
overview of research (2014-2018) about BG prediction techniques that has 
been used for BG recommender system. As results, 25 studies concerning 
BG prediction in recommender system were selected. We observed that 
although there is numerous studies published, only a few studies took serious 
discussion about techniques used to incorporate the BG algorithms. Our 
result highlighted that only one study discusses hybrid filtering technique in 
BG recommender system for GDM even though it has an ability to learn 
from experience and to improve prediction performance. We hope that this 
study will encourage researchers to consider not only machine learning and 
artificial intelligent techniques but also hybrid filtering technique for BG 
recommender system in the future research. 
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1. INTRODUCTION 

Diabetes is one of the commonest chronic medical conditions, influencing around 347 million adults 
worldwide [1]. Diabetes management should avoid acute and long-term complications that can be responsible 
for premature death and disability. The influence of diabetes is developing with 347 million people at present 
influenced worldwide and numbers anticipated to increment to 552 million by 2030 [1]. In the UK, the cost 
used by National health Service (NHS) related to diabetes in 2002 was assessed to be around £1.3 billion 
consistently [2], with the majority of this cost emerging from the long haul difficulties coming about because 
of diabetes not being managed properly [3]. 

Gestational diabetes mellitus (GDM) is frequently described as glucose intolerance for pregnancy 
women. A primary concern with GDM is the patient could have perinatal complications such as cesarean 
delivery, birth injury, neonatal metabolic disorders and preeclampsia [4]. GDM also have an impact for long 
term metabolism consequences for the mother and children from the pregnancy such as increased risk of 
obesity [5]. Thus, pregnancy women should maintain normal BG levels to prevent adverse pregnancy 
outcomes and to break the cycle of transmission of metabolic disease to children [6]. 

GDM has health consequences for both the mother and her children not only in the short term but 
also in the long term [7]. Mothers with record of GDM have significantly higher risk of GDM during 
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subsequent pregnancies (2), type 2 diabetes and premature cardiovascular disease. Children of GDM 
pregnancy have greater risk of developing obesity, diabetes, hypertension and cardiovascular disease [8]. 

The timeframe for interventions to avoid complications from GDM is within the third trimester of 
pregnancy. Pregnant women with GDM need to ensure their glycemic control is within a good range. They 
need to visit the health care every 2-4 weeks for GDM treatment such as food intake treated with insulin. 
Although these visits are similar to general antenatal visits, patients with GDM are often felt stress because 
they need to spend longer time due to the limited of resources at the health care [9]. 

Technology can be used to remotely provide health care that offers an appealing solution to this 
problem. Currently, a growing wide variety of research are reporting over mobile apps because of patients 
along different kinds concerning diabetes. Some of the research describe the controlled experiments based on 
mobile phone that indicate reliable results to improve the performance of self-management on diabetes 
[10-13]. These mobile apps stated as advantageous tool because of the tool ability of making appropriate 
food intakes to avoid high BG levels since postprandial glucose (PPG) responses would be of particularly 
significance for women with GDM. 

Besides, patients with GDM are advised to monitor daily other factors that can influence their health 
state, for example administered insulin doses, ingested diet, exercise, or other relevant factors. This condition 
increases the amount of data generated in diabetes care and the patient’s and physician’s workload when 
analyzing data to take therapeutic decisions [14]. Thus, it is important to have the appropriate infrastructure 
that incorporates data processing algorithms. 

Incomplete BG data is one of the reasons that limit the effectiveness of decision support systems in 
diabetes [15]. A diary management in web-based platform is developed along including records exchange 
and continuous BG sign technology software. Both aspects were joined to gain the fundamental statistics for 
utilizes of the personalized BG recommender system. Essential statistics over meals, BG measurements, then 
other events were amassed by the carried out web-based and continuous glucose monitoring (CGM) law 
technology software. These data were used to tune then evaluate the BG recommender model, who protected 
an algorithm because of strong coefficients tuning [16]. 

Despite the fact that several BG recommender algorithms have been proposed, only a small number 
of projects are committed to the development of complete recommender system infrastructures that 
incorporate BG recommender for GDM patients [17]. The development and implementation of such a system 
might be particularly significant for patients with GDM, especially considering the high importance of BG 
control for these patients during pregnancy. 

As we reviewed the literature, we found several existing techniques for recommender system 
[18-26], but we do not know which one is the most appropriate for BG recommender system, particularly for 
patients with GDM. Therefore, in this study, we review research studies about BG recommender system that 
used several techniques to incorporate the BG recommender system and BG models for GDM. This paper 
presents a mapping study to investigate recent research about BG recommender system for patients with 
gestational diabetes mellitus. The contributions of this paper are: 

a. A classification scheme categorizing the papers of BG techniques for recommender system. 

b. A systematic mapping study of BG techniques for recommender system, structuring related research 
work by analysing 25 selected papers. 

The remainder of this paper is organized as follows: Section 2 describes the systematic mapping 
methodology. Section 3 reports the results of the mapping study. Section 4 discusses the important findings 
of the mapping study. Finally, we conclude and provide recommendation in Section 5. 


2. METHODOLOGY 

A systematic mapping study is used to outline the relevant research publication in a specific 
research zone and arrange the essential research production in that area into defined categories [27-29]. The 
mapping study used high-level research questions to investigate issues that reflect the importance of the 
research. The research questions are formulated in such a way to allow researcher to categorize the current 
work, to identify future areas of research and to define the search strategy and paper selection criteria [28]. 
The mapping results examines high-frequencies of current research trends outlined in tables or visualized in 
bar plots, and these can uncover potential research regions that will be suitable for performing a systematic 
review [29]. 

A systematic mapping study normally requires less exertion and incorporates more significant 
articles than a systematic review because of mapping study perform general assessment (e.g., abstract, 
introduction and conclusion) to distinguish a specific context of each publication and develop the 
classification scheme. On the other hand, a systematic review implements a detailed and focused evaluation 
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for only chosen empirical publication to guarantee the assessment results depend on great quality evidence. 
The systematic mapping process as proposed by [29] consists of five activities: 

a. Definition of research question 

This paper uses a narrative literature review approach to compare and summarize on the techniques 
of BG recommender system for GDM in the literature. This paper analysed the selected studies based on the 
following research questions: 

RQl: What method or techniques in BG recommender system are addressed in recent research? 

RQ2: What data collection used in BG recommender system are addressed in recent research? 

RQ3: What number and types of variables in BG prediction models are addressed in recent research? 

b. Conduct search for primary study 

1) Search strategy 

The fundamental assignment to identify primary studies is to develop search string dependent on 
defined method, data collection, blood glucose recommender system, variables and blood glucose prediction 
models. We formulated the search terms through the following step [29]: 

- The main terms are determined by identifying the method, data collection, blood glucose recommender 
system, variables and blood glucose prediction models. 

- Keywords are identified in the relevant papers. 

- Synonyms of the keywords are identified. 

- Search strings are formulated by using Boolean operators (OR, AND) to incorporate alternative spellings, 
synonyms and to link the major term. 

The search query was formulated as follow: 

(method OR technique OR approach) AND (data collection OR data gathering) AND (Blood 
glucose recommender system OR BG recommender system) AND (variables OR variable OR at-tribute) 
AND (BG prediction models OR Blood glucose prediction models). 

2) Search process 

The search process included papers from vital conferences and journals regarding on research area, 
for example. Journal of System (& Software and Journal of Medical Internet Research. We restricted our 
research in computer science and software engineering domain. The search results are summarized in 
Table 1. 


Table 1. Summary of Primary and secondary search 


No. 

Database Name 

No. of search result 

No. of duplicate found 

No. of relevant articles 

1. 

PubMed 

12 

0 

9 

2. 

SpringerLink 

4 

2 

0 

3. 

ACM Digital Library 

978 

6 

6 

4. 

Academia 

7524 

125 

7 

5. 

Goggle Scholar 

1190 

0 

3 


Total 

9708 

133 

25 


c. Screening of papers for inclusion and exclusion 

We defined the following inclusion and exclusion criteria for filtering process to retrieve the most 
relevant papers. The inclusion and exclusion criteria are: 

- Inclusion: Peer reviewed papers that related to BG recommender system using BG prediction models. 

- Exclusion: Papers describe methods or techniques for BG recommender system but not using prediction 
models. 

We obtained a set of 9708 papers after execution of automatic search. The set was reduced to 9575 
papers after screening the titles and abstracts and excluding irrelevant and duplicate papers. We carried out 
the screening of papers by reading the introduction and conclusion of each paper. We found that only 25 
papers are relevant with this study. 

d. Developing the classification scheme 

We applied a key wording approach using abstract [29] to determine new classification schemes 
plans for the chose papers. The approach involved two part. The initial part included reading the abstract for 
each paper and observed potential keywords and idea to recognise context of the research. The following part 
was combining keywords and concepts to generate a general interpretation regarding the nature and 
commitment of the research. After performing this step, we chose a final set of keyword to form the 
categories. 

e. Data extraction 

In this part, we used an Excel spreadsheet to document the data and generate the results. We 
collected all information required to address the research questions. 
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3. RESULTS 

3.1. Method or techniques in BG reconunender system (RQl) 

As mentioned earlier, previous study [18, 19, 20, 21] in recommender system indicate despite the 
fact that several BG recommender algorithms have been proposed, only a small number of projects are 
committed to the development of complete recommender system infrastructures and deal with chronic 
diseases such as GDM. In our study, the total of relevant result is 25 studies but we only obtained 20 studies 
that satisfied our inclusion criteria. The outcome from a systematic mapping process is illustrated in Figure 1 
that presents the distribution of studies on techniques for BG recommender system. 


Hybrid filtering 




Machine learning 



■ 2014 

Artificial intelligence 



■ 2015 

Rough set theory 



■ 2016 

Data mining 



■ 2017 

■ 2018 



1 

0 


Figure 1. Distribution of studies on techniques for BG recommender system 


As can be seen, the number of studies for techniques in BG recommender system for machine 
learning and context awareness are increased from 2014 to 2018. There is a high number of studies on the 
machine learning techniques whereas only one study contributed on the hybrid filtering technique for BG 
recommender system in 2017. The research community also has contributed an average amount of studies on 
the artificial intelligent techniques, rough set theory techniques and data mining techniques. 

3.2. Data collection used in BG recommender system (RQl) 

As mentioned earlier, a variety of terminology was used to discuss data collection used in BG 
recommender system. The collection of data can be previous blood glucose values, carbohydrate ingestion, 
insulin intake and so on [18]. Table 2 show the relevant papers according to data collection methods that used 
to manage the BG prediction models in BG recommender system. 


Table 2. Distribution of paper on data collection method 


Database 

Data collection method 

No of paper 

PubMed 

ACM Digital Library 

Dynamic coefficients tuning 

Context fusioning 

Cloud based architecture 

Imputation 

Feed forward artificial neural networks (ANNs) 

1 

1 

1 

1 

1 


As can be seen in Table 2, only 5 out of 25 researches that have mentioned about data collection 
method used in BG recommender system which are dynamic coefficients tuning, context fusioning, cloud 
based architecture, imputation and feed forward artificial neural networks (ANNs). It shared the same 
number of research which is one of each used different data collection method to manage the BG prediction 
models. 

3.3. Number and types of variables in BG prediction models (RQ3) 

3.3.1. Participants’ characteristics 

There are six major characteristics of the participants in the BG prediction models [18, 30] such as age 
(years), prepregnancy BMI, glycated hemoglobin (HbA), Gestational age (weeks), blood pressure, blood 
pressure (BP) systolic, blood pressure diastolic etcetera. Figure 2 shows three studies from the relevant 
papers that indicated the participants characteristics in the BG prediction models. 

As can be seen in Figure 2, we found a study used all the participant characteristic as their variables 
in BG prediction models in 2018. We found a study that used medical records, gene expression data and 
medical image data as their variables but only mentioned age as their participants characteristics [30]. We 
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also found another study that used age, BMI data, BP systolic and BP diastolic as their measurement data to 
predict BP with recurrent neural network [31]. 



□ Age 

■ BMI 

□ HbA 

□ Gestational age 

■ BP systolic 

□ BP diastolic 


Years 


Eigure 2. Erequency of participant characteristic used in BG prediction models 


3.3.2. Characteristics of meals 

The energy content of patients with GDM meals was considerably lower than the normal diabetics 
because they consumed lower amounts of carbohydrates and fats in their meals. Besides, fasting and 
postprandial BG levels were significantly higher in patients with GDM than in those in the normal diabetes, 
whereas the actual rise in BG level after meals did not vary significantly in these groups owing to lower 
average carbohydrate consumption in the GDM [11]. Table 3 illustrates the distribution of relevant papers for 
10 characteristics of meals. 


Table 3. Distribution of papers on characteristics of meals 


No 

Characteristic 

No of paper 

1 

Fasting BG 

6 

2 

BG level 60 minute after the meal 

2 

3 

Area under the postprandial BG curve 60 minutes after the meal 

2 

4 

Area under the postprandial BG curve 120 minutes after the meal 

2 

5 

BG rise 1 hour after meal 

2 

6 

Postprandial peak BG 

1 

7 

Time to peak BG 

1 

8 

Carbohydrates per meal 

4 

9 

Proteins per meal 

3 

10 

Energy per meal 

2 


Total 

25 


As we can see in Table 3, 6 papers indicated that GDM patients used Fasting BG as the 
characteristics of meals to manage their blood glucose level. We found 4 papers indicated that GDM patients 
used carbohydrates per meal to control their blood glucose level. In addition, we also found 2 papers 
mentioned about postprandial peak BG and time to peak BG as the characteristics of meals for GDM patients 
in managing their blood glucose level. 


4. DISCUSSIONS 

This paper was designed to determine the status of recent research on BG recommender system for 
GDM. We performed a mapping study to identify the BG techniques, data collection method in BG 
recommender system and number and types of variables in BG prediction model. We found 25 papers that 
have mentioned the BG techniques, the data collection method and the types of variables used in the BG 
recommender system. 


A mapping study on blood glucose recommender system for... (Shuhada Mohd Rosli) 























1494 □ 


ISSN: 2302-9285 


In reviewing the literature, we found many papers discussed on machine learning technique and 
artificial intelligence technique. A study conducted by Gema indicated that the machine learning technique is 
used in a decision-making algorithm with the ability to integrate food choices based on PPG response models 
[15]. This will enable the app to give personalized advice concerning each upcoming meal in order to achieve 
desired BG levels. However, there is the potential for biases due to inaccurate reports because it use small 
sample size. 

Artificial intelligence techniques are being increasingly established, as it is suitable for use in 
clinical daily practice [19]. Consequently, these techniques provide powerful tools for improving patients’ 
quality of life. Furthermore, the availability of genetic data, such as that provided by metabolomics analysis, 
has also empowered the application of artificial intelligence techniques to personalization of diabetes 
management. But, the increasingly frequent use of health apps and the potential use of tools based on 
artificial intelligence by insurance companies could lead to discrimination or the exclusion (or both) of some 
citizens from health services. 

One interesting finding is only 1 paper was found discussed on hybrid filtering technique. Hybrid 
filtering technique is a combination of content-based filtering technique [22] and collaborative filtering 
technique [23]. The hybrid filtering technique consists of both content-based filtering and collaborative 
filtering techniques advantages [32]. It improves the performance by overcoming the drawbacks of traditional 
recommendation systems. A study conducted by Contreas et al. indicated that this technique can identify 
patient profiles and generate tailored prediction models for future BG values [25]. The method uses a 
classifier to identify patient profiles by analyzing their BG dynamics and administered insulin dosages. 
Another study conducted by Roshini et al. also indicated that hybrid recommendation engine is a competent 
system as recommender for users, whereas the other recommender algorithms are quite slow with 
inaccuracies [33]. Therefore, this indicates that further research is needed to explore on the hybrid filtering 
technique in BG prediction models for BG recommender system. 


5. CONCLUSION 

The purpose of this study is to review research papers about BG prediction in recommender system. 
Currently, there are exist so many technique for recommender system but we do not know which one is the 
most appropriate for BG recommender system. Besides, until recently this has not been the case in BG 
recommender system for patients with GDM since most of the studies discussed about BG recommender 
for diabetes. 

This study has revealed that few research considered hybrid filtering technique in BG recommender 
system even though it have an ability to learn from experience and can improve prediction performance. This 
finding indicates that more effort needs to be made by the research community to explore the strength and 
capabilities of hybrid filtering techniques to improve the accuracy of blood glucose prediction for 
recommender system. Moreover, a greater focus on hybrid filtering technique could produce interesting 
findings that account more for BG recommender system for patients with GDM. 

We are currently working on constructing algorithm for food dietary intake prediction based on 
blood glucose level using hybrid filtering technique and, in the future, to develop web application for food 
intake prediction for GDM. It is hoped that this will encourage the research community to consider hybrid 
filtering technique in BG recommender system to improve BG control in patients with GDM. 
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